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0 Photodetector system with controllable position-dependent sensitivity. 



® A photodetector system (10) for producing elec- 
trical signals responsive to the orientation of a light 
source, such as the sun. with respect thereto utilizes 
in certain embodiments a diffuser (11) to eliminate 
position-dependent sensitivities of the photocathode. 
The extent to which the diffuser (11) or the 
photocathode itself Is exposed to the incident radi- 
ation can be controlled by a shroud (12) or by 
applying an absorptive coating (32) in a predeter- 
mined pattern on an absorber cap (40). or on the 
diffuser (11) directly. In a shrouded embodiment of 
the Invention, the diffuser element (11) is arranged 
within a mountable body (13) with the shroud (12) 
extending thereover. The shroud (12), by its configu- 
^ ration and its height above the photodetector, de- 
stines the range of angles of elevation and azimuth at 
(O which the diffuser (11) can be Illuminated. Such 
(O angles can also be controlled with printed or 
® sprayed-on markings (30) on the diffuser or absorber 
O cover (11) which form an opaque coating so as to 
lA prevent light transmission over predetermined re- 
"glons. In addition to transmissive and nontransmls- 
Osive regions, a fine dot pattern (32) may be applied 
£^to the diffuser or the absorber cover (11), which may 
lljbe translucent or transparent, or to the diffuser (11) 
directly, so that only partial transmission of the light 
can be achieved therethr ugh. Th absorber cov r 



(11) may be provided with a light absorbing color- 
ation or dye therethrough, and have a predetermined 
variation in thickness, so that the amount of light 
transmitted therethrough is responsive to the thick- 
ness at the point of incidence of the light. Thus, the 
light which is transmitted to the photodetector is 
modulated In response to the orientation of the light 
source with respect to the photodetector system. 
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PHOTODETECTOR SYSTEM WITH CONTROLLABLE POSITION-DEPENDENT SENSITIVITY 



Background of the Invention 

This invention relates generally to photodetec- 
tor systems, and more particularly, to a 
photodetector system wherein the electrical output 
signal is responsive to the position of a light source 
with respect to the photodetector. 

There is available in the prior art a large variety 
of systems for producing electrical signals having 
information content responsive to the orientation of 
a light source, such as the sun. relative to a 
photodetector. Most of the known an-angements for 
performing this function are complex and expen- 
sive, and also are rather bulky with their associated 
electronic signal analysis systems. One known ar- 
rangement utilizes a pair of solar cells an-anged 
orthogonal to one another. The incident electro- 
magnetic radiation, or sunlight, causes the solar 
detectors to generate respective output electrical 
signals having amplitudes responsive to the angle 
of incidence of the light. Ratio detecting circuitry is 
used to determine the angle of Incidence with 
respect to the orientation of the solar detectors, by 
monitoring and comparing the output signals of the 
respective solar detectors. 

A further known system for determining the 
direction of incident radiation utilizes a sensor head 
having a hemispherical convex surface area on 
which are terminated a plurality of optical fibers. 
The optical fibers are bundled and terminated at 
their distal ends with detectors, which are an-ayed 
illustratively in the form of a matrix. This known 
system, however. In addition to requiring a mul- 
tiplicity of detectors arranged In a matrix, also 
requires complex mathematical and evaluation cir- 
cuitry which render this known system unsuitable 
in applications where simplicity and economy are 
required. 

Particularly In mobile systems which contin- 
ually are changing their orientation with respect to 
the sun. it is desirable to modify the output of 
associated heating and cooling systems so as to 
take into consideration the effects of sunlight. In 
such systems, however, there Is not often available 
space for a complex, multi-component sensor and 
associated computation circuitry. There is therefore 
a need for a sensor which is responsive to the 
position of a light source, and which also Is com- 
pact and reliable. 

It is. therefore, an obiect of this invention to 
provide a system for monitoring the position of a 
light source, the system being simple and inexpen- 
sive. 

It is another object of this invention to provide 
a system for monitoring the position of a light 



source wherein only one detector is required to 
achieve the monitoring function. 

It Is also an object of this invention to provide a 
system for monitoring the position of a light source 
5 wherein the need for multi-detector comparator cir- 
cuitry is avoided. 

It is a further obiect of this invention to provide 
a system for monitoring the position of a light 
source wherein an output electrical signal is re- 
10 sponsive to an angle of elevation of the light source 
with respect to a predetermined horizon. 

It Is additionally an object of this invention to 
provide a system for monitoring the position of a 
light source wherein an output electrical signal Is 
75 responsive to a predetermined azimuth angle. 

It is yet a further object of this Invention to 
provide a system for monitoring the position of a 
light source wherein there is not a need for fiber 
optic elements for directing the light to be mon- 
20 itored to a detector. 

It is also another object of this invention to 
provide a system for monitoring the position of a 
light source wherein a high degree of compactness 
Is achieved. 

25 It is yet an additional object of this invention to 

provide a system for monitoring the position of a 
light source, the system being particularly suited 
for mobile applications. 

It is still another object of this invention to 

30 provide an arrangement for controlling a mobile 
cooling system In response to incident sunlight 
being within a predetermined range of angles of 
elevation. 

It is yet a further object of this invention to 
35 provide an an'angement for controlling a mobile 
cooling system in response to incident sunlight 
being within a predetermined range of angles to 
azimuth. 

It Is also a further object of this Invention to 
40 provide an anrangement for controlling a mobile 
cooling system in response to the angle of In- 
cidence of sunlight. 



45 Summary of the Invention 

The foregoing and other objects are achieved 
by this invention which provides a photodetector 
arrangement* for producing an electrical signal 
50 which is responsive to the position of a source of 
light with respect thereto. In embodiments of the 
invention applied to control the cooling/heating, or 
air conditioning, systems of a vehicle, the source of 
light of interest is the sun. in view of the heat 
generated thereby, such that the cooling capacity 
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of the air conditioner is controlled in response to 
the angle of incidence of the sunlight In accor- 
dance with the invention, a photod tector having an 
input for receiving the input light and an output 
terminal for issuing an electrical signal responsive 
to the input light is provided with a light modulator 
an^anged in the vicinity of the input. The light 
modulator determines a po$ition*responsive sen- 
sitivity characteristic of the photodetector system, 
such that the output electrical signal of the 
photodetector is responsive to the position of the 
source of the input light. 

In one highly advantageous embodiment of the 
invention, a diffuser is Installed optically intermedi- 
ate of the photodetector and the light modulator. 
The diffuser. although not necessary to the practice 
of the invention, serves to scatter the light imping- 
ing upon the photodetector and thereby diminish 
the effect of position-dependent characteristics of 
the iight-sensitive area of the photodetector. More 
specifically, most photodetectors have light sen- 
sitive areas called photocathodes which Ideally 
should be uniformly sensitive to light. However, 
photocathodes have a sensitivity to light which is a 
function of the location on the photocathode which 
is being illuminated. Thus, when a light beam 
moves across a typical photocathode, the output 
electrical signal from the photodetector varies, not 
because the intensity of the incident light beam 
changes, but rather because the light beam moves 
across portions of photocathode with different sen- 
sitivities to light The diffuser, since it is arranged 
to cover the photodetector, diminishes the position- 
dependent characteristic of the photocathode of the 
photodetector by scattering the light and averaging 
the enror out substantially over the entire surface. 

In accordance with a specific illustrative em- 
bodiment of the invention, the light modulator Is 
configured in the form of a shroud which is in- 
stalled over the diffuser to occlude all but a pre- 
determined portion of the input of the photodetec- 
tor. In this manner, only light which is propagated 
over a predetermined range of angles of incidence 
is permitted to impinge upon the diffuser; and 
therefore the output electrical signal of the 
photodetector is responsive to light which is re- 
ceived at an angle of incidence which is within ttiis 
predetermined range. 

In other embodiments of the invention, the light 
modulator is formed of one or more marldngs 
which are applied directly to the diffuser, illustra- 
tively by printing. In addition to a pattern of marks 
which absorbs all light incident upon the device, a 
pattern of marlcs, such as a very fine dot pattern, 
may be used to control partial transmission of the 
incident light, in a manner analogous to the produc- 
tion of half-tones in printed media. 

In accordance with a further specific Illustrative 



emtjodiment of the invention a cooling system con- 
trol element, which may be used to control the 
output of the air-conditioner of a vehicle, is moun- 
ted at a location on the vehicle which is subjected 

5 to sunlight, and at a predetermined orientation with 
respect to the vehicle. A photodetector, as de- 
scribed hereinabove, has associated therewith a 
'light modulator which controls the magnitude of the 
sunlight which is incident upon the input of the 

10 photodetector. 

In certain embodiments of this cooling system 
control element aspect of the invention, the light 
modulator blocks the sunlight from reaching the 
input of the photodetector, except over a predeter- 

75 mined range of angles of incidence. The predeter- 
mined range of angles of incidence may Include 
predetenmined angles of elevation and angles of 
azimuth. In addition, the light modulator need not 
block the sunlight totally, but may merely impede 

20 same whereby partial transmission of the sunlight 
is pemrtltted. Thus, the present Invention is not 
limited to transmissive and non transmissive 
ranges of angles of incidence, but may also include 
partial transmission. 

25 There are a number of issues which should be 
taken into consideration when designing a solar 
sensor for an automobile so that It will achieve the 
desired response function to the sunlight as a 
function of the elevation and azimuth of the sun. 

30 The central idea in the modeling is to determine 
the effectiveness with which the sun heats the 
passenger compartment of an automobile as a 
function of its position in the sky relative to the 
automobile. The solar sensor should be less re- 

35 sponsive to sunlight for those solar angles where 
some part of the automobile Is interfering with the 
passage of sunlight Into the vehicle, More specifi- 
cally, the solar sensor should be less responsive 
when the sun Is directly overhead because the roof 

40 of the automobile shields the passenger compart- 
ment On the other hand, when the sun is shining 
directly into the windshield, the solar sensor should 
be more responsive. 

An illustrative solar sensor embodiment of the 

45 invention has three basic elements: an absorber 
which could be in the form of a shroud, a diffuser 
(optional), and a photodetector. One approach to 
designing such a solar sensor takes employs a 
hemisphericaily shaped diffuser. This shape is set 

50 forth herein for convenience In the following analy- 
sis, but it is understood that numerous other 
shapes can be employed without departing from 
the scope of the claimed invention. With the dif- 
fuser installed on the dashboard of a vehicle, as 

55 viewed from above, the diffuser appears as a cir- 
cle, i.e., the projection of the diffuser Is a circle. 
However, when viewed from the side (horizon), it 
appears as a semicircle. 
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It is the total amount of light which strikes a 
diffuser that determines the output signal from the 
photodetector. In other words, since it is the projec* 
tion of the diffuser along the direction of the sun- 
light which is important, the sun directly overhead 
strikes twice the area of the diffuser generating 
twice the response as when the sun is on the 
horizon. 

When considering the shape of the absorber or 
shroud which Is to be Installed over the diffuser. it 
is important to consider and determine its distance 
from the diffuser for each position of the sun. 
Consideration Is when given to the intersection of 
each ray of sunlight Incident on the diffuser. Either 
by having some number of rays strike a shroud, or 
equlvalently. having some fraction of the rays ab- 
sorbed by an absorber, it is within the capabilities 
of persons of ordinary skill in the art. in view of the 
teaching herein, to design the shroud or absorber 
to obtain the desired angular response function. 
The final design must be found In an iterative way 
because the existence of a shroud or absorber 
affects the number of rays that will be absorbed at 
more than one solar angle. 

The method, or approach, described imme- 
diately hereinabove for designing a solar detector 
produces surprisingly excellent flexibility. In fact, 
for a diffuser which Is small compared to the size 
of the absorber or shroud, for a single position of 
the sun. the path that the sunlight which strikes the 
diffuser takes through the absorber, or that is In- 
cident on the shroud, only strikes a small element 
of the absorber or shroud. Thus, in this situation, 
each element of the shroud or absorber is indepen- 
dent of all other elements and the design is par- 
ticularly simple since it requires no iteration. Each 
element of the absorber or shroud corresponds to 
a single position of the sun. 



Brief Description of the Drawing 

Comprehension of the invention is facilitated by 
reading the following detailed description, in con- 
Junction with the annexed drawing, in which: 

Rg. 1 is an isometric representation of a 
specific Illustrative embodiment of the invention 
which employs a shroud for defining a range of 
angles of incident light which can Impinge upon the 
photodetector; 

Fig. 2 is an isometric representation of a 
specific Hlustrative embodiment of the Invention 
which employs a printed pattern on the diffuser 
element for defining a range of angles of incident 
light which can impinge upon the photodetector, 
and additionally a region of partial transmisslvity of 
the light; and 

Rg. 3 is a cross-sectional representation of 



an embodiment of the invention wherein modula- 
tion of the impinging light is achieved as a function 
of absorber thickness. 

5 

Detailed Description 

Rg. 1 is an isometric representation of an 
embodiment of the invention wherein a photodetec- 

10 tor system 10 is shown to have a diffuser element 
11 which is installed in a shroud 12. In this embodi- 
ment, the shroud Is fonmed integrally with a sub- 
stantially cylindrical body 13 which has ears 15 
extending therefrom for assisting in mounting the 

15 installation of the photodetector system onto a ve- 
hicle (not shown). In this specific embodiment, 
body 13 Is affixed to a base number 17 which also 
facilitates mounting and Installation. 

As shown In this figure, shroud 12 is config- 

20 ured to have a top portion 20 which is configured 
to overlie diffuser element 11. In this specific em- 
bodiment, top portion 20 has an extension 21 
which prevents light from source (not shown) di- 
rectly over the photodetector system from Imping- 

25 ing upon diffuser element 11, In this manner, 
shroud 12 with its respective side and top portions 
and extensions thereof defines a region through 
which diffuser element 11 can be exposed to light. 
The region of exposure can be defined in terms of 

30 a range of angles of elevation and a range of 
angles of azimuth. 

Rg. 2 is an Isometric representation of a spe- . 
cific illustrative embodiment of the invention 
wherein elements of structure having analogous 

35 correspondence to those of Rgure 1 are similarly 
designated. In Rg. 2, diffuser element 11 is not 
covered by a shroud, as discussed hereinabove, 
with respect to Rg. 1, but rather has printed there- 
on maridngs which define regions of desired expo- 

40 sure. More specifically, diffuser 11 in this specific 
embodiment has printed thereon opaque markings 
30 over a predetermined region thereof which oc- 
clude the diffuser from any impinging light. The 
particular configuration of opaque maricings 30 on 

45 the diffuser element can be adjusted by persons of 
skill in the art to meet necessary criteria. 

The diffuser element is shown to have in Rg. 2 
a further region of markings 32 which form a par- 
tially opaque region. Partially opaque region 32 

50 may be formed by printing on diffuser 11 a mul- 
tiplicity of very fine dots in a pattern analogous to 
conventional half-tone printing. Persons of skill in 
the art can configure the dot density to achieve a 
desired level of light transmisslvity. 

55 Rg. 3 is a cross-sectional schematic repre- 
sentation of an absorber cap 40 which is anranged 
to overile a photodetector 41. As shown in this 
figure, photodetector 41 receives an illumination 
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which is generally designated by .arrow 42 from a 
light sourc 43. Absorber cap 40 may be formed of 
a translucent, and preferably transparent, material 
which has a coloration added, such as a dye, 
whereby the amount of light which is transmitted 
there through is a function of the thickness of the 
cap. For purposes of the present discussion, light 
source 43 is assumed to be collimated, and may 
be the sun. 

The path that the light radiation Incident upon 
photodetector 41 takes through the walls of ab- 
sorber cap 40 is illustrated by shaded area 45. 
Assuming a hemispherical absorber cap, the 
amount of light which reaches photodetector 41 
can be correlated to the angle Thus the elec- 
trical signal which is produced at output leads 47 of 
the photodetector is responsive to this angle. 

It is to be understood that the outer and/or 
inner surfaces of absorber cap 40 may be provided 
with printed markings or sprayed-on coating which 
achieves a desired transmission pattern thereth- 
rough. Moreover, persons of skill in the art can 
design the absorber cap and its associated vari- 
ations in thickness to achieve a desired function, 
and also include within the design compensation 
for other effects, such as refraction. 

Although the Invention has been described in 
terms of specific embodiments and applications, 
persons skilled in the art can, in light of this teach- 
ing, generate additional embodiments without ex- 
ceeding the scope or departing from the spirit of 
the claimed invention. Accordingly, it Is to be un- 
derstood that the drawing and description in this 
disclosure are proffered to facilitate comprehension 
of the invention, and should not be construed to 
limit the scope thereof. 



Claims 

1. A photodetector arrangement for producing 

an electrical signal responsive to the position of a 
source of light with respect to the photodetector 
an-angement. the photodetector arrangement, com- 
prising: 

photodetector means having an input for receiving 
an Input light from the source of light, said input 
being adapted to receive said input light from the 
source of light over a predetermined range of posi- 
tions of the source of light, and an output terminal 
for providing an output electrical signal responsive 
to said input light; and 

light modulator means arranged in the vicinity of 
said input of said photodetector means for deter- 
mining a position-responsive sensitivity characteris- 
tic of said photodetector means, whereby said out- 
put electrical signal is responsive to the position of 
the source of light 



2. The photodetector an-angem nt of claim 1 
wherein there is further provided diffuser means 
Interposed between said photodetector m ans and 
said light modulator means for diminishing a posi- 

5 tton responsive characteristic of said photodetector 
means. 

3. The photodetector an'angement of claim 2 
wherein said light modulator means comprises 
coating means applied to said diffuser means for 

10 occluding all but said predetermined portion of said 
Input of said photodetector means. 

4. The photodetector anrangement of claim 3 
wherein said coating means comprises a first por- 
tion for preventing transmission of said light from 

75 the source of light to said input of said photodetec- 
tor means, and a second portion for preventing 
transmission of a portion of said light from the 
source of light to said input of said photodetector 
means. 

20 5. The photodetector arrangement of claim 1 
wherein said light modulator means comprises 
shroud means Installed for occluding all but a pre- 
detenmined portion of said Input of said 
photodetector means. 

25 6. The photodetector arrangement of claim 1 
wherein said light modulator means comprises a 
suiDstantially tiransparent cap member arranged to 
overlie said photodetector means, said cap mem- 
ber having a light absorptive coloration tiierein, and 

30 having a thickness which varies over predeter- 
mined portions thereof for producing a position- 
responsive characteristic of the photodetector ar- 
rangement. 

7. The photodetector arrangement of claim 1 
35 wherein said light modulator means comprises a 

substantially transparent cap member arranged to 
overlie said photodetector means, said cap mem- 
ber having a light absorptive coating over predeter- 
mined portions thereof, for producing a position- 
40 responsive characteristic of the photodetector ar- 
rangement. 

8. A cooling system control element for a ve- 
hicle for producing a control signal responsive to 
the direction of incidence of sunlight, the cooling 

45 system control element comprising: 

mounting means for installing the cooling system 
control element on tiie vehicle in a predetermined 
orientation at a location which is subjected to sun- 
light; 

50 photodetector means having an Input for receiving 
the sunlight and an outpiit temiinal for providing 
an output electrical signal responsive to the sun- 
light; and 

light modulator means for controlling tfie incidence 
55 of the sunlight upon said input of said photodetec- 
tor means in response to the direction of incidence 
of the sunlight 

9. Th cooling system control element of claim 



5 



9 EP 0 350 866 A1 10 



8 wherein said light modulator means comprises 
sunlight blocking means for pr venting the inci- 
dence of the sunlight upon said input of said 
photodetector means except over a predetermined 
rang of angles of incidence. 5 

10. The cooling system control element of 
claim 9 wherein said predetermined range of an- 
gles of incidence of the sunlight include a predeter- 
mined range of angles of elevation. 

11. The cooling system control element of lo 
claim 9 wherein said predetemnined range of an- 
gles of incidence of the sunlight Include a predeter- 
mined range of angles of azimuth. 

12. The cooling system control element of 
claim 8 wherein said light modulator means com- 75 
prises sunlight impeding means for permitting par- 
tial transmission of the sunlight upon said input of 

said photodetector means over a further predeter- 
mined range of angles of Incidence. 

20 
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